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S1. Basic theory of the sum-frequency generation
The basic theory for sum-frequency spectroscopy (SFS) was described elsewhere (8) (9) (10) .
Generally, the SF signal is given by
(2) = ⃡ (2) + ⃡ (2) where ̂ and ⃡ are the unit polarization vector and transmission Fresnel coefficient that acts like a macroscopic local field correction factor at , and ⃡ (2) and ⃡ (2) are the nonresonant background and discrete resonance contributions to the total susceptibility, ⃡ (2) , of the system, respectively. ⃡ (2) has the expression ⃡ (2) = ∑ ⃡ (2) − + Γ , with ⃡ (2) , , and Γ denoting the amplitude, resonant frequency, and damping of the ℎ resonant mode of the contributing species, respectively.
S2. Calculation of the surface phonon mode of anatase (101)
The calculated phonon modes near 880 cm -1 are shown in fig. S1 . The mode originates mainly from the stretching vibration of the Ti (5c 
S3. Symmetry properties and spectral anisotropy of the surface phonon mode on anatase (101)
The second order nonlinear susceptibility for the point group 1 can be found in Ref. For the bond tilting angle, , from the axis, there is tan = , which yields ≈
S4. Adsorbed methanol on anatase (101)
Spectra in the C-H stretching vibration range of anatase (101) 
S5. Calculation on the stability of oxygen vacancies on anatase (101) exposed to ambient gases
The optimized adsorption configuration calculated for methanol, water, N2 and H2 molecules are presented in fig. S3 . Table S1 shows the calculated energy difference between oxygen vacancies at the surface and in the sub-surface of anatase (101) 
S6. The removal of hydrocarbon contaminants by UV-ozone treatment
The hydrocarbon contaminants on anatase surface can be effectively removed by the uv-ozone treatment. fig. S4 shows SFG spectra of the anatase sample before (blue) and after (red) uv-onzone treatment in the C-H stretching vibration frequency range. The resonant peaks at ~2850, 2880 and 2950 cm -1 are due to surface hydrocarbon contaminants.
fig. S4. SFG spectra of anatase (101) in the C-H stretching vibration range for hydrocarbon contaminants before and after UV-ozone treatment.
